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Abstract 

We investigate the impact of new physics beyond the Standard Model to the 
s ^ dj process, which is responsible for the short-distance contribution to the 
radiative decay — > S~7. We study three representative extensions of the 
Standard Model, namely a one-family technicolor model, a two Higgs doublet 
model and a model containing scalar leptoquarks. When constraints arising 
from the observed 6 — > 57 transition and the upper limit on — mixing 
are taken into account, we find no significant contributions of new physics to 
the s ^ dj process. 

PACS numbers: 
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Typeset using REVT^ 



I. INTRODUCTION 



It has been recently shown [|T| that the short distance contribution to the radiative decay 
fl^ — > S~7, given by the penguin transition s ^ d'j is comparable to the long-distance 
contributions 0]. This process is the second generation analogue of the b ^ s'-f transition 
recently seen at CLEO which has generated a large amount of interest 0]. Being a one- loop 
diagram , it may be sensitive to physics beyond the Standard Model not yet accessible by 
direct searches in accelerators. The results from CLEO already put rather severe limits on 
various models for new physics Another example of the impact of new physics on one- 
loop processes is the case of rare top quark decays, which can have their branching ratios 
enhanced by 3 — 4 orders of magnitude 0]. 

At this moment, there is no observation of the transition s d'y. Experimentally, there 
is an upper limit determined recently 0: 

BR^'^PiQ- H-7) < 4.6 X 10"^ (1.1) 

The purpose of this work is to investigate whether this upper limit can already provide 
useful constraints on physics beyond the Standard Model. 

In ref. we have estimated the short-distance contribution to the decay Q~ S~7 
using QCD sum rules for a more reliable calculation of the non-perturbative contribution 
to the matrix element. We have also re-estimated the Wilson coefficient in the Standard 
Model that is responsible for the transition. In this letter we examine the effects of new 
physics on the s —>■ dj transition. For definiteness, we focus on three representative exam- 
ples of new physics: a one-generation technicolor model, a two Higgs doublet model and a 
model containing scalar leptoquarks. We compute the impact of these models, taking into 
consideration the constraints on these models coming from the 6 — >■ 57 transition (for the 
first two models) and the upper limit on — mixing (for the latter model). 

The effective hamiltonian (with the heavy quarks c, b and t as well as electroweak gauge 
bosons integrated out ) that describes [AS* = 1| transitions is given by : 

Kt'^ = ^ cMOM , (1.2) 

where Gp is the Fermi constant, and we use the notation Aj to denote the following product 
of elements of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, Aj = VsiV*i . The Wilson 
coefficients can be computed perturbatively and {0}k is a complete set of operators 
written as : 

01 = iUal^.PLS^3)idf,rPLUa) (1-3) 

02 = {Ualf,PLSa){dl3YPLUi3) 

Os = (dal^PLS^) J2 i<lPl^PLqp) 
q=u,d,s 

0^ = {d^l^PLSp) J2 ilpl^PLQa) 
q=u,d,s 

O, = (dal^PLS^) {^Pl^Pmp) (1-4) 

q=u,d,s 
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q=u,d,s 

g _ 

LbTi 

where P l = ^(1 =f 75) , o'nu = z[7„, 7!/]/2; F'^^ and G"'^'^ are the electromagnetic and color 

R 

field tensors respectively. 

The Wilson coefficients are first computed at the scale /i = in zeroth order in QCD. 
QCD corrections are included by evolving these coefficients down to n = rus using the 
renormalization group equations. In our case, this evolution is accomplished in three steps 
(/i = nih, rric and m^) . 

Our result, obtained by using the leading-logarithm anomalous dimension matrix given 
by Buras et al. is |[ : 

C7{rns) = — 0.50c2(m„,) + 0.27c7(m^) + 0.13c8(m^) (1.5) 

with the initial values for the Wilson coefficients at the scale in the Standard Model 
given by : 

cf^(m^) = (2.1 - 7.7) X 10"^ (1.6) 

cf^(m^) = (1.4-4.2) X 10-^ (1.7) 

C2(m^) = 1 (1.8) 

where the uncertainties are due to the poorly determined CKM matrix elements Vtd and Vts 
i- 

The small values of Cy and Cg reffect the large suppression due to CKM matrix elements 
for the top-quark intermediate state, whereas the contribution from the charm-quark inter- 
mediate state is suppressed due to its small mass. 

New physics at energy scales larger that will manifest itself in the initial values of 
the Wilson coefficients C7 and cs at the scale m^,. We can write these coefficients in general 
as : 

C7(m^)=cf^(mJ+cr (1-9) 
cs{m^)=cl^'{m^)+c^'', (1.10) 

where ci^[{mw) represents the contributions from physics beyond the Standard Model at 
the scale m^. 

One can see from equations (1.5 — 1.10) that enhancements of roughly 4 orders of mag- 
nitude with respect to the Standard Model values are necessary in order to make Ci{ms) 
sensitive to the initial values cj^si^w)- 

In the next sections we briefiy describe the models chosen as representative of New 
Physics and compute their contribution to c^^ and Cg^. 
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II. ONE-FAMILY TECHNICOLOR 



Although there isn't a reahstic technicolor model for electroweak symmetry breaking 
that is in agreement with precision measurements, the general idea is still attractive and 
the one-family technicolor model, where one introduces a whole family of techni-fermions, 
has become the prototype for these models 0. The one-family technicolor model possesses 
a global SUl{8) x SUr^S) symmetry that is broken down to SUv{S) due to techni-fermions 
condensation. In this process, 63 pseudo-Nambu-Goldstone bosons are generated, 3 of which 
become the longitudinal components of the electroweak gauge bosons. We will concentrate 
on the contribution from the charged, colored pseudo-Nambu-Goldstone bosons (P^), which 
dominates over the colorless ones, which is given by |T0| : 



and 



_fi r -ii -^ 53„ _ 25 2 _1„, I 2 2 _ 1„,3 ^ 

r^C( ^ _ ^ J 36 ^ 72 72 yg , 4^/? ^ 3^^g s^^g 1 r 1 I /2 1 ^ 



_1 f-i + My _ 145y2 9 _5 2_4 3 >| 

r^C(y ] - ^ J 6 ^ 24 yg 24 yg , 4^/g 2 ^/g ^^/g 1 r 1 I /2 2^ 

^^^^ - 3v/2G^F2 1 (1 - + (1 - y,)^ ^^^^^^^ / ^^"^^ 



where yq = {'mp± /rnqY and = 123 GeV in the one-family technicolor model. In order to 
obtain the final result we have to sum over the contributions from the charm and top-quarks 
intermediate states multiplied by the appropriate CKM matrix elements : 

cr = + ^c^d/c) (2.3) 

or = Y^nvt) + ^criyc) (2.4) 

The final result depends only on mp± and in table I we show the new coefficients for 
mp± = 80 , 400 GeV. The value mp± = 400 GeV is the lower limit on these models 



derived from the process 6 — 57 |Ty]. Ignoring such constraints, the minimum value of mp± 
we could introduce in the model without changing the renormalization group equations is 
mp± = 80 GeV. In order to find the maximum allowed enhancements, we have taken the 
largest possible value of the CKM matrix elements. 

We conclude that in this model, the resulting enhancement is not large enough to make 
C7,8(^«)) comparable to C2(m^). Taking into account the constraints from b —>■ 57, only 
enhancements of a factor 10 at most are allowed. 



III. TWO HIGGS DOUBLET MODELS 

Many extensions of the Standard Model predict the existence of two Higgs doublets. The 
Minimal Supersymmetric Standard Model is a popular example. Tree-level fiavor changing 
neutral currents can be avoided in two classes of models, commonly referred as I and II. 
In model I, one doublet (^2) provides masses to all fermion while the other doublet (0i) 
decouples from the fermion sector. In model II, 02 gives masses to the up-type quarks 
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while 01 gives masses to charged leptons and down-type quarks. These models have charged 
Higgs scalars in their spectrum which contribute to the s ^ d'y processes. Their contribution 
depends on the charged Higgs boson mass {Mh± ) and on the ratio of the vacuum expectation 
values of the two scalar fields 0i and 02, tan/? = V2/V1 and it is given by : 



= cot' P{B{y,) - A{y,)/6} (3.1) 

^""'(y.) = coe(3{E{y,) - D{y,)/6} (3.2) 

where yq = m'^/M'^± and 

3 12 2^ log[x][ (3.3) 

(3.4) 
(3.5) 

Lj- - j-r ) 

logM I 

Ja;-l)2 + (a;-l)3/ ^"^-^^ 

From these expressions it is clear that the maximum enhancement will arise from the 
small tan j3- small Mfj± region in the parameter space. 

As before, one should sum over the charm and top-quarks contributions : 

0^""' = ^cr^'\yt) + ^cr^''{yc) (3.7) 

cf^'^ = ^cr^'\yt) + ^cf ^*^(yc) (3.8) 

In tables II and III we show upper values of c^^^'^^ and Cg"^^*^, taking into account the 
constraints arising from b ^ [jT2|. 



A{x) 


= X 


B{x) 


X 


~ 2 


D{x) 


X 


~ 2 


E{x) 


X 


~ 2 




Therefore, in both models the enhancement are small given the constraints from b —>■ 57. 



IV. LEPTOQUARKS 

Leptoquarks are particles (scalar or vector) that carry both baryon and lepton numbers 
and hence couple to a lepton and a quark. Their interactions are described by renormalizable, 
baryon and lepton number conserving, SU{3)c x SU{2)l x U{1)y invariant lagrangians 
|13| . Leptoquarks may arise in some extensions of the Standard Model, like Grand Unified 



theories. Extended Technicolor models and models with quark and lepton substructure |]T4[ 



In this work we focus on the contributions of a scalar leptoquark to the process s — d'y, 



which can be written as 14 
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where A represents a generic leptoquark coupling constant, rriLQ and Qlq are the leptoquark 
mass and electric charge respectively and Ql is the electric charge of the lepton in the loop. 

The leptoquarks masses and couplings are restricted by a variety of processes and here 
we take the coupling with the least stringent bound, Xrsq {Qso = ~l/3) in the notation of 
Davidson et al. |T^ : 



which arises from — mixing. In this case we arrive at : 

|C7^("^«,)| < 6 X lO"'^ (4.3) 

Therefore, even in the most optimistic case, the contributions from leptoquarks are not 
sufficient to make the s — >■ c?7 process sensitive to their existence. 



V. CONCLUSION 



We have studied the influence of three representative models of physics beyond the Stan- 
dard Model to the process s d'j, which is responsible for the short distance contribution 
to Q~ S~7 . Given the constraints on these models arising from b ^ sj and — Z)° 
mixing we conclude that they do not significantly alter the Standard Model result, which is 
dominated by the tree-level coefficient C2(m^). 
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TABLES 



TABLE I. Values of Wilson coefficients cj {niw) and cj {rriw) arising from colored 
pseudo-Nambu-Goldstone bosons of a 1-family technicolor model for different values of the bo- 
son mass. 

TABLE IL Upper values of Wilson coefficients 0^(171^) and cl{my}) in a two Higgs doublet 
model of type I for different values of tan P and mH± . 

TABLE in. Upper values of Wilson coefficients cWniw) and c^^\mw) in a two Higgs doublet 
model of type II for different values of tan (3 and mu± ■ 
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mp± (GeV) 






80 


-1.6 X 10-2 


-1.3 X 10-2 


400 


-2.7 X 10-3 


-4.5 X 10-3 



Table I 



tan P 


mH± (GeV) 


4(m^) 


4(m^) 


0.2 


800 


-2.7 X 10-3 


-3.7 X 10-3 


0.3 


400 


-2.8 X 10-3 


-3.6 X 10-3 



Table II 



taii/S 


mH± (GeV) 


cY (m„) 




0.2 


800 


1.2 X 10-3 


8.7 X 10-^ 


0.5 


300 


1.5 X 10-3 


1.1 X 10-3 


1.0 


200 


1.7 X 10-3 


1.3 X 10-3 


Ta 


ble III 
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